OBJECTIVES This study aimed to identify clinical, electrocardiographic (ECG) and cardiac imaging predictors of firsttime life-threatening ventricular arrhythmia in patients with arrhythmogenic cardiomyopathy (AC).
and accurate tools for detecting cardiac abnormalities (3, 4) , which have been described as markers of ventricular arrhythmia in patients with AC (5) . Echocardiographic strain parameters are recommended as part of a multimodality imaging approach in AC (6) , but prospective studies on prognostic value are lacking. Furthermore, implementation of cascade genetic testing has shifted the AC population toward more asymptomatic mutation-positive family members.
These individuals are at lower risk of arrhythmic events than probands but should still be risk stratified and considered for primary preventive ICD (7) . Prognostic markers in this population are largely undefined. We aimed to explore incidence and predictors of first-time life-threatening ventricular arrhythmia in a primary prevention AC cohort.
METHODS
STUDY DESIGN AND POPULATION. Patients diagnosed with AC at Oslo University Hospital, Rikshospitalet, Norway, between 1997 and 2017, were evaluated consecutively for inclusion in a primary prevention cohort study. Probands underwent genetic testing as described previously (8) , and cascade genetic screening was performed in family members of mutation positive probands. Mutation negative probands were only included if they fulfilled a definite AC diagnosis by TFC (2) and their family members were not included.
Life-threatening ventricular arrhythmia was defined as sustained ventricular tachycardia-runs of consecutive ventricular beats >100 beats for >30 s (9)-documented on 12-lead ECG, Holter or ICD monitoring, cardiac arrest, or appropriate shock therapy from a primary preventive ICD. Nonsustained ventricular tachycardia (NSVT) was defined as consecutive runs of $3 ventricular beats >100 beats/min for <30 s (9) . Syncope at or prior to diagnosis was recorded.
Exercise habits at inclusion were recorded by standardized interviews. The reported exercise activities were assigned intensity levels on the basis of the Compendium of Physical Activity of 2011 (10) . Highintensity exercise was defined as physical activity >6 metabolic equivalents performed regularly during a minimum of 3 consecutive years before inclusion (11) .
Patients with life-threatening event at or prior to first contact and patients with cardiopulmonary co- Signal-averaged ECG (SAECG) was performed at inclusion and evaluated according to TFC 2010 (2).
ECHOCARDIOGRAPHY. All patients were examined with echocardiography at inclusion (Vivid 7, E9 or E95, GE, Vingmed, Horten, Norway), and datasets were analyzed offline (EchoPac 201, GE, Vingmed) by 2 independent observers blinded to clinical and ECG data. LV ejection fraction (LVEF) was assessed by the biplane Simpson's method. The LV global longitudinal strain (GLS) was derived from speckle tracking analyses on 2-dimensional (2D) gray-scale image loops with >50 frames/s from the 3 apical views and expressed as the average peak systolic strain in a 16-segment LV model (13) . LV mechanical dispersion was defined as the standard deviation of time from Q/R on surface ECG to peak negative strain in 16 LV segments (4) ( on Holter-recording) and as shock therapy from primary preventive ICD in 7. The 1-, 2-, and 5-year incidence was 6%, 9%, and 22%, respectively, and the incidence rate was 3.1 (95% confidence interval [CI]:
1.9 to 5.0) per 100 patient years. Analyses of probands separately showed 1-, 2-, and 5-year incidence of 21%, 25%, and 57%, respectively, and an incidence rate of 
Lie et al. Table 2) . This was evident both in probands and mutation-positive family members (Online Table 1A and 1B, respectively). LV mechanical dispersion and RVLS had the highest Harrell's C-statistic (0.84 and 0.81, respectively) and were independent predictors in multivariable analysis ( (Figure 3, right panel) .
The results of the final model were similar in competing-risk regression (Online Table 3 
INCIDENCE OF LIFE-THREATENING VENTRICULAR
ARRHYTHMIA. The 5-year incidence of first-time lifethreatening ventricular arrhythmia of 22% in our study is in line with previous reports (16) . The majority of patients with such events were probands, and the higher risk of these compared with family members is well known (7, 17) . The lower incidence rate in family members confirmed a more benign Prediction of Ventricular Arrhythmia in AC prognosis (18) but still the need for risk stratification and clinical follow-up of these patients.
PROGNOSTIC VALUE OF PARAMETERS AT INCLUSION.
This is the first prospective report of the harmful effect of high-intensity exercise in patients with AC, confirming the strong association between expression of disease and exercise (8, 19) . Syncope has also been reported as a risk marker in previous studies (1, 16, 18) .
Patients with syncope at inclusion may have had (1) . The prognostic value of major criterion TWI has been described previously in a longitudinal cohort study (7) and was confirmed in our study.
All assessed echocardiographic parameters were predictors of adverse arrhythmic outcome, highlighting the fact that when structural changes are evident by imaging techniques, risk of life-threatening ventricular arrhythmia is increased. LV mechanical dispersion was a strong risk marker for arrhythmic events. This is noteworthy, as conventional parameters of LV function have been reported to be spared until late stages of conventional AC phenotypes (20) and affected earlier only in a LV selective phenotype (21) . Our finding underlined the fact that AC is a biventricular disease, also supported by previous longitudinal studies (22, 23) . LV mechanical dispersion has been reported as a marker of ventricular arrhythmias in other conditions by our group (4, 24) and independent groups (25, 26) , although others have not reported added benefit in prediction of risk (27) . These diverging results may be explained by different methodologies and heterogeneous study populations and illustrates the need for further research.
We have previously demonstrated that RV mechanical dispersion is a marker of previous arrhythmic events in smaller cross-sectional AC cohorts (5, 14) . RV mechanical dispersion was a good predictor of ventricular arrhythmia in the current study, but LV mechanical dispersion had higher Cstatistic and was retained in the risk-prediction model. RVLS was also a strong risk predictor, and adding LV mechanical dispersion to RVLS improved risk reclassification, underlining the importance of biventricular assessment in AC patients. This suggested that the ICD selection was reasonable but not optimal. However, cardiac arrest did not occur in any patient during follow-up, meaning that the purpose of primary preventive ICD treatment was fulfilled. This goal may be easier to obtain when considering the risk factors we have described.
CLINICAL IMPLICATIONS
This was the first prospective study highlighting the importance of assessing history of high-intensity exercise together with ECG and cardiac imaging for optimal prediction of risk in AC. Fulfilling 2 risk factors was associated with a 4-fold increased risk of Prediction of Ventricular Arrhythmia in AC
